Demand for lumpfish (Cyclopterus lumpus) has increased exponentially over the last decade, 17 both for their roe, which is used as a caviar substitute, and increasingly also as cleaner fish to 18 30 lumpfish are fished for their roe, and also for the aquaculture industry. Our study suggests 31 that some lumpfish populations are very small and have low genetic diversity, which makes 32 them particularly vulnerable to over-exploitation and genetic introgression. To protect them 33 we advocate curtailing fishing effort, closing the breeding cycle of the species in captivity to 34 reduce dependence on wild stocks, restricting the translocation of genetically distinct 35 populations, and limiting the risk of farm escapes. 36 37
control sea lice in salmon farming. The species is classified as Near Threatened by the UICN 19 and there are growing concerns that over-exploitation of wild stocks and translocation of 20 hatchery-reared lumpfish may compromise the genetic diversity of native populations. We 21 carried a comparative analysis of genetic and phenotypic variation across the species' range 22 to estimate the level of genetic and phenotypic differentiation, and determined patterns of 23 gene flow at spatial scales relevant to management. We found five genetically distinct 24 groups located in the West Atlantic (USA, and Canada), Mid Atlantic (Iceland), East Atlantic 25 (Faroe Islands, Ireland, Scotland, Norway, and Denmark), English Channel (England) and 26 Baltic Sea (Sweden). Significant phenotypic differences were also found, with Baltic 27 lumpfish growing more slowly, attaining a higher condition factor and maturing at a smaller 28 size than North Atlantic lumpfish. Estimates of effective population size were consistently 29 low across the NE Atlantic (Iceland, Faroe Islands, Norway), the area where most wild 2.2. DNA extraction and amplification 142 DNA was extracted using the Nexttec Isolation kit (Nexttec, UK) following the 143 manufacturer's protocol. The concentration of extracted DNA was quantified using a 144 Nanodrop 2000 (Thermo Fisher Scientific Inc., USA) and diluted with DNA free water to 145 50ng/μl where necessary. A 2µl of sample DNA was used for amplification using a QIAGEN 146 Multiplex PCR kit (QIAGEN, UK) in a total reaction volume of 9µl. Ten microsatellite loci 147 (Clu29, Clu34, Clu36, Clu45 and Clu12, Clu26, Clu33, Clu37, Clu40, Clu44 (Skirnisdottir et 148 al., 2013) were genotyped in two separate multiplex reactions (Table S1 ). Amplification 149 consisted of a single initial activation step at 95 o C for 15 minutes followed by eight cycles of 150 touchdown PCR denaturation at 94 o C for 30 seconds, annealing from 64 o C or 60 o C to 56 o C in 151 descending two-cycle steps of 2 o C and an extension at 72 o C for 90 seconds, 24 additional 152 cycles with an annealing temperature of 56 o C and a single final extension at 60 o C for 30 153 minutes. An Applied Biosystems ABI3130xl Genetic Analyser (Applied Biosystems, UK) 154 was used to resolve the fragments using GeneScan 500-LIZ(-250) as a size standard. 155 Fragment length was established using GeneMapper v5.0 (Applied Biosystems, UK). 156 Genotyping consistency was validated by repeating PCR, fragment analysis and scoring for 6 identify the most likely number of clusters present based on the median of means 179 (MedMeaK), maximum of means (MaxMeaK), median of medians (MedMedK) and 180 maximum of medians (MaxMedK) criteria (Puechmaille, 2016) . Bayesian cluster analysis 181 informed by spatial data was conducted using TESS v2.3.1 (Chen et al., 2007) to better 182 understand the extent of spatial genetic structure. Admixture models were run with 50,000 183 total sweeps, 10,000 burn-in sweeps, and 200 runs per K max ranging from 2 to 15. The 184 average Deviance Information Criterion (DIC) of the lowest 10 DIC values was calculated 185 for each K max to assess the most likely number of clusters. Runs within 10% of the lowest 186 (DIC) for a given K max were used for analysis. CLUMMP v1.1.2 (Jakobsson & Rosenberg, 187 2007) was used to average variation between repeated iterations for the most likely K values, 188 and the resulting output was visualised using DISTRUCT v1.1.1 (Rosenberg, 2004 Atlantic, n = 65; English Channel, n = 60; Baltic Sea, n = 40), was examined by regression 209 analysis on log-transformed data. We calculated relative weight (Wr) as the ratio of the 210 observed weight divided by the predicted weight (from the regression obtained above) to 211 obtain an index of body condition that is more appropriate for fish like lumpfish that have an 212 unusual body shape (Nahdi et al., 2016) . The most plausible number of age classes 213 represented in the samples, and the mean size at age (Macdonald & Pitcher, 1979) 231 All microsatellites exhibited polymorphism. The mean number of alleles (N A ) ranged from 232 4.5 (Ro) to 6.8 (Kl, VB), mean expected heterozygosity (H E ) ranged from 0.592 (Öl) to 0.700 233 (Kl), and mean F IS varied from -0.056 (Ro) to 0.110 (Öl) across all loci (Table 1) . Initial 234 analysis suggested that null alleles might be present at multiple loci (Clu34, Clu36, Clu12, 235 Clu33, Clu37 and Clu40, Table S2 ). However, repeatedly removing each locus in turn 236 showed little variation in F ST values (Tables S3-S8) , and therefore all markers were retained 237 for further analyses. No evidence of departures from neutrality or linkage disequilibrium was 238 found after Bonferroni corrections for multiple tests (Rice, 1989) . Deviations from Hardy- 239 Weinberg equilibrium (HWE) were detected at 5 of the 15 sites (Table 1) , but these involved 240 only 12% of loci after Bonferroni correction (Table S9 ). The mean number of private alleles 241 (N PA ) was relatively low, ranging from 0.00 to 0.40, with sites in the West Atlantic (FB = 242 0.30, WB = 0.40) and Baltic Sea (GS = 0.30) showing the highest values. 243 244 245 Global F ST was 0.095 (P < 0.001) indicating a moderate but significant degree of genetic 246 differentiation. Results of AMOVA indicated that 83.5% of molecular variation was due to 247 variation within individuals, 7% amongst individuals within populations, and 9.5% amongst 248 populations. Pairwise F ST showed a significant level of genetic differentiation across most 249 populations ( Table 2) , but populations closer together were genetically similar after 250 Bonferroni correction. On the basis of F ST values, the strongest differentiation was found 251 between West Atlantic and Baltic Sea populations. Results of a Mantel test support the 252 existence of a significant, albeit weak, isolation by distance (R 2 = 0.1229, P = 0.01). 253 The most likely number of genetically distinct groups (K) ranged from K = 5 (MedMedK, 254 MedMeaK) to K = 6 (MaxMedK, MaxMeaK) using STRUCTURESELECTOR ( Figure S1 ). 255 Spatial cluster analysis using TESS suggested a K max = 10 ( Figure S2 ), though only six of 256 these genetic groups showed substantial representation, and four groups contributed only The effective number of migrants (N m ) ranged from 1.00 between sites in the English 266 Channel to 0.03 between sites in the West Atlantic and Baltic Sea. The exchange of migrants 267 was much higher within genetic clusters than among clusters (Table S10) , with the highest 268 levels of gene flow found within the East Atlantic and within the English Channel (Figure 3 ). 269 The only evidence of moderate asymmetric gene flow was from Norway towards the Faroe Table S11 ). Sites with low N e values (<75) 276 were found across Iceland, Faroe Islands and Norway (Figure 3) . No evidence of recent 277 population expansions was found according to the intra-locus k and inter-locus g tests (Table   278  S12 (Table S13) Whilst significant gene flow was detected within each of these groups, little exchange of 313 migrants was found between these areas. Our results also indicate the existence of significant 314 phenotypic differences across the range, that mimic to some extent the observed genetic 315 differences. Thus, lumpfish from the Baltic Sea were not only genetically distinct, they were 316 also found to be smaller, grow at a slower rate and weigh more relative to their size than 
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